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Chapter 1: Introduction 
Chirality  is  a  fundamental  property  of  three  dimentional  structures  that  can  found  in  both 
microscopic and macroscopic environments. It has a dramatic impact on the world around us and 
plays  a  key  role  in  biological  systems,  technology  and  almost  every  aspect  of  science.
1               
A molecule is chiral if it cannot be superimposed upon its mirror image, as in lactic acid. The 
two mirror images of lactic acid are refered to as enantiomers, and have identical chemical and 
physical properties but different optical rotations when in an achiral environment (Figure 1.1).
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Figure 1.1. The two enantiomeric forms of lactic acid.      
 Although  enantiomers  have  the  same  chemical  and  physical  properties  when  in  an  achiral 
environment, under the influence of an external source of chirality their chemical and physical 
properties are not the same. These differences become important, especially when considering 
the  biological  properties  of  potential  pharmaceuticals.  Since  biological  systems  are  chiral, 
different  enantiomers  of  chiral  drugs  often  have  different  biological  effects.
3  For  example, 
consider a drug whose activity is the result of an interaction with a specific receptor in the human 
body. If the receptor is chiral, one enantiomer of the drug will interact correctly with it, while the 
other may have a mismatched arrangement of atoms (Figure 1.2).
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Figure 1.2. Cartoon representation of enantiomeric drugs interacting with a chiral receptor.  
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Scheme 1.3. Synthesis of (+)-azimic acid. Reagents & conditions: a) HCO2H, CH2Cl2; b) Pd-C, 
H2; c) N2H4.H2O, MeOH. 
C-  Asymmetric  synthesis:  Asymmetric  synthesis  involves  the  conversion  of  prochiral 
precursors into chiral products. This topic will be discussed in greater detail in the following 
section.
8     
 
1.1-Strategies for achieving asymmetric synthesis. 
Demand for enantiomerically pure compounds has led to the development of many methods and 
strategies for asymmetric synthesis. There are a number of stoichiometric strategies that can be 
utilised to generate new asymmetric centres in molecules and these can be divided into three 
main  groups:  (1)  substrate  based  control,  (2)  auxiliary  based  control,  and  (3)  reagent based 
control.
16 
1.1.1-Substrate based control  
This approach involves the transformation of a substrate (S) containing a stereogenic centre (A) 
where the reaction of a prochiral group is influenced by the pre-existing stereogenic centre. The 
chiral  group  is  close  enough  so  that  a  subsequent  reaction  with  an  achiral  reagent  (R)  is 
effectively  controlled  by  (A)  which  induces  asymmetry  in  the  substrate  portion  (S)  of  the 
molecule  to  provide  the product  (P)  with  the  new  stereogenic centre(s)  present.  One of  the 
earliest examples of substrate controlled diastereoselective nucleophilic addition to a carbonyl 
group was reported by Fischer at the end of the 19
th century  (Scheme 1.4).
17 He observed that  
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Scheme 1.6. Addition of (CH3CH2)2Zn to a 5-methyl-2-cyclohexenone.  
 
1.1.2-Auxiliary based control  
Chiral auxiliary control is achieved by using a group (chiral auxiliary: Aux) as a temporary 
chiral influence by attaching it to the substrate (S), usually by a C-O or C-N covalent bond which 
can later be cleaved.
8 When the substrate–auxiliary (S-Aux) molecule is treated with an achiral 
reagent, an asymmetric reaction occurs, to give the product (P) which now contains asymmetry 
and is still attached to the auxiliary. The chiral auxiliary (Aux) is then removed in a subsequent 
step to give the desired product and the auxiliary, which can be recycled. A well known example 
is the asymmetric alkylation of carboxylic acid derivatives using Evans oxazolidinone auxiliaries 
(Scheme 1.7). 
S
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Figure 1.10. Auxiliary-based control.  
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Subsequently,  a  number  of  other  auxiliaries  have  been  applied  in  asymmetric  Diels-Alder 
reactions,  providing  enhanced  srereoselectivities.  For  example,  the  menthol  analogue  (+)-8-
phenylmenthol  was  applied  in  a  Diels-Alder  reaction  by  treating  the  acrylate  1.50  with  5-
benzyloxymethylcyclopentadiene  to  give  Diels-Alder  adduct  1.51  in  89%  yield  and  97% 
diastereoselectivity
 (Scheme 1.10).
25 Some  additional examples of auxiliary based control in 
cycloadditions are provided in the following sections. 
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Scheme  1.10.  Asymmetric  Diels-Alder  reaction  using  (+)-8-phenylmenthol.  Reagents  & 
conditions: 5-Benzyloxymethylcyclopentadiene, AlCl3. 
1.1.3- Reagent control  
In this strategy a chiral reagent (R) is allowed to react with an achiral substrate (S) to produce a 
chiral product (P).  One example is the asymmetric crotylation of aldehydes using chiral crotyl-
borane 1.53 (Scheme 1.11).
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Scheme  1.11.  Reagent  based  control  in  the  asymmetric  crotylation  of  ethanal.  Reagents  & 
conditions: a) 1.52 + 1.53, then H2O2, OH
��  
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Scheme 1.56. Stark’s proposed mechanism for catalytic RuO4 promoted cyclisation. 
 
 
1.6-Conclusions 
The  oxidative  cyclisation  of  1,5-dienes  has  been  employed  in  natural  products  synthesis  in 
racemic and asymmetric versions. Different oxidants were used the oxidative cyclisation of 1,5-
dienes such as KMnO4, OsO4 and RuO4. Permanganate generally effects cyclisation in good 
yield,  and  it  is  environmental  friendly  compared  to  other  metal-oxo  reagents.  However, 
permanganate  based  oxidation  requires  a  stiochiometric  amount  of  oxidant  while  osmium 
tetroxide and ruthenium tetroxide are catalytic, yet they require excesses of co-oxidants such as 
Me3NO, NMO and NaIO4. The advantage of using osmium tetroxide is that it gives high yields 
while ruthenium tetroxide affects polycyclisation. Permanganate has been used with chiral phase 
transfer catalysts and  chiral auxiliaries  to give effective control  of absolute stereoselectivity. 
Currently, we are not aware of any direct oxidative cyclisation of 1,5-dienes using Os or Ru oxo 
species, although 2-step methods have been reported. 
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1.9- Aims & objectives of the project 
The aims of this thesis are: 
1-  To synthesise different structures of cyclohexyl-based chiral auxiliaries (Figure 1.15). 
OH
R where: R different alkyl and aryl groups.
1.272
 
Figure 1.15 
2- To synthesise 1,5-diene esters bearing different cyclohexyl-based chiral auxiliaries (Figure 
1.16). 
O
R
where: R different alkyl and aryl groups.
O
1.273
 
Figure 1.16 
3- To study the oxidative cyclisation of 1,5-dienes and to determine the ratio of the two 
diastereoisomers 1.274 and 1.275 (Figure 1.17). This will allow us to identify the most effective 
auxiliaries. 
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1.275
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Figure 1.17 
4- To resolve the cyclohexyl-based chiral auxiliary which gives high diastereoselectivity to it’s 
enantiomers.  
52 
 
5- To apply enantiomerically pure chiral auxiliary in the total synthesis of (+)-linalool oxide 
(1.247)  (Figure 1.18). 
O
HO
(+)-Linalool oxide (1.247)
H
 
Figure 1.18 
6- To investigate other applications for the cyclohexyl-based chiral auxiliary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
62 
 
a)
(72%)
b)
(47%)
Br
O
O
O
O
O
2.28 2.29 2.30
c) (86%)
HO
O
2.19
O
O
Cl
O 2.27
 
Scheme  2.11.  New  synthetic  route  towards  6-methyl-2-oxohept-5-enoic  acid.  Reagents  & 
conditions: a) 1) Mg, THF, rt to reflux, 1 h, 2) CuBr, LiBr, 2.27, −78 
oC, 30 min; b) Ph3PCH3Br, 
LDA, rt, 4 h; c) NaOH, NaHCO3, H2O, MeOH, Reflux, 6 h.  
The bromide 2.28 which was used in the first step was prepared by reacting cyclopropyl methyl 
ketone with methylmagnesium bromide in THF as a solvent  (Scheme 2.12).
 131
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Scheme  2.12.  Synthesis  of  bromide  2.28.  Reagents  &  conditions:  a)  Methylmagnesium 
bromide, THF, rt to reflux, 50 min. 
Finally, an alternative synthesis of the acid 2.19 was investigated. Starting from bromide 2.28 in 
a three step sequence or starting the cyclohexanol 2.33 in 4 steps. The two established routes 
proceeded in good yields (Scheme 2.13).   
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Scheme  2.13.  New  synthetic  routes  towards  6-methyl-2-oxohept-5-enoic  acid.  Reagents  & 
conditions: a) 1) Mg, THF, rt to reflux, 1 h, 2) CuBr, LiBr, cyclohexyl (chlorocarbonyl)formate, 
−78 
oC, 30 min; b) Ph3PCH3Br, DBU, reflux, 4 h; c) NaOH, NaHCO3, H2O, MeOH, Reflux, 6 h; 
d) 1) Et3N, CH2Cl2, 0
oC, 45 min, 2) DMAP, Ethyl chloro oxoacetate, 1.5 h; e) Grignard of 
bromide 2.28, THF, −78 
oC, 1 h. 
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2.3-Synthesis of chiral auxiliary-diene ester adducts 
Before attempting to couple the dienoyl chloride 2.20 with the cyclohexanol auxiliaries, a model 
esterfication  was  carried  out  between  the  cyclohexanol  2.4  and  methacryloyl  chloride  2.36 
(Scheme 2.14). The desired ester 2.37 was formed in 59% yield. 
OH
CH3
+
Cl O
a)
2.36 2.37
(59%)
2.4
O
CH3
O
 
Scheme 2.14. Synthesis of a model enoate ester. Reagents & conditions: (a) NaHMDS, THF,   
– 35 to rt, 2 h. 
 Given the hindered nature of some of the auxiliaries (eg (±)-2.10) and the reduced reactivity of 
���-unsaturated acid chlorides we opted to form the alkoxide anion to promote esterfication of 
the alcohol. After the successful coupling reaction of the chiral auxiliary 2.4 with model acid 
chloride, the chiral auxiliaries 2.4-2.10 were coupled with the dienoyl chloride 2.20 under the 
same conditions  to form the dienes esters 2.38-2.44 in reasonable yields (30-68%) (Scheme 2.15 
&  Table 2.1).  The  coupling  reactions  were  carried out  in dry  THF  for  esters 2.38-2.42 by 
reacting chiral auxiliary (1.05 equiv.) with the dienoyl chloride (1.0 equiv.) using NaHMDS (1.2 
equiv.). For preparation of esters 2.43 and 2.44 the solvent was changed to dry ether and 2.10 
equiv. of  the auxiliary and 2.40 equiv. of  NaHMDS were used.  
OH
R
O
R
O
a)
2.4 - 2.10 2.38 - 2.44
 
Scheme 2.15. Synthesis of dienoates 2.38-2.44.  Reagents & conditions: a) 1) NaHMDS, THF 
or Et2O, – 35 to –25 
oC, 30 min, 2) 2.20, rt, 2-4 h. 
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Table 2.1. Synthesis of dionates 2.38-2.44  
Yield
a 
% 
Reaction time 
(h) 
 
Solvent  Substituent  R  Entry 
57 %  3.0  THF 
               
CH3
2.38 
1 
61 %  3.0  THF  
    2.39
OCH3
       
2 
68 %  2.75  THF  
             2.40  
3 
64 %  2.75  THF  
2.41  
4 
56 %  3.5  THF   CH2Ph
2.42  
5 
43 %  4.0  Et2O  CHPh2
2.43  
6 
30 %  1.5  Et2O  CPh3
2.44  
7 
a) Yield given is for purified isolated compounds. 
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  Scheme 2.44. Formal  synthesis of  (+)-linalool  oxide.  Reagents  &  conditions:  a)  KMnO4, 
AcOH, Phosphate buffer, Acetone, –35  to –5 
oC, 1.5 h; b) TMS-Cl, imidazole, DMF, �5 
oC, 1 h; 
c) K2CO3, MeOH, – 10 
oC, 2 h;  d) imid2(C=S), DMAP, CH2Cl2, rt, 14 h; e) TTMSS, AIBN, 
Toluene, 85  
oC, 20 min;  f) DIBAL-H, THF, –78 
oC, 5 h. 
Finally, we wanted to optmise the synthesis of (+)-linalool oxide and further shorten the number 
of steps required. In the final approach investigated, �-keto ester (�)-2.100 was identified as the 
key intermediate. Reacting the auxiliary (�)-2.10 with ethyl chlorooxoacetate in pyridine gave 
the mixed oxalate ester (�)-2.99 in 86% yield. The oxalate ester (�)-2.99 was reacted with the 
Grignard reagent of bromide 2.28 in THF at –78 
oC  to form the α-keto ester (�)-2.100  in  87% 
yield. The Grignard reaction proceeded by selective reaction at the less hindered ethyl ester. The 
α-keto ester (�)-2.100 was converted to the dienoyl ester (–)-2.44 by Wittig olefination under 
two different sets of conditions. The first was by using methyltriphenylphosphonium bromide 
and sodium hydroxide in CH2Cl2. Alternatively, a combination of methyltriphenylphosphonium  
165 
 
 
 
C33  5861(4)  13120(5)  949(4)  18(1)  1 
C34  6233(5)  13098(6)  1716(4)  28(2)  1 
C35  6929(6)  13663(6)  1972(5)  37(2)  1 
C36  7282(5)  14327(6)  1491(5)  34(2)  1 
C37  6905(6)  14374(6)  754(5)  35(2)  1 
C38  6225(5)  13800(6)  493(4)  26(2)  1 
C39  5045(5)  11560(5)  1068(4)  23(2)  1 
C40  5850(6)  11074(6)  1246(4)  33(2)  1 
C41  5856(9)  10149(7)  1534(5)  50(3)  1 
C42  5044(9)  9717(7)  1639(5)  51(3)  1 
C43  4282(8)  10170(8)  1457(5)  50(3)  1 
C44  4240(6)  11100(6)  1181(5)  34(2)  1 
C45  4266(4)  13169(5)  889(4)  18(1)  1 
C46  3956(5)  13118(7)  1612(4)  29(2)  1 
C47  3303(5)  13734(7)  1830(5)  37(2)  1 
C48  2939(5)  14406(7)  1330(5)  33(2)  1 
C49  3271(5)  14507(6)  630(5)  31(2)  1 
C50  3909(5)  13900(5)  431(4)  21(2)  1 
O3  1721(3)  7926(4)  4882(3)  31(1)  1 
C51  873(5)  8262(5)  4575(4)  22(2)  1 
C52  839(5)  8303(7)  3704(5)  31(2)  1 
C53  �70(5)  8691(7)  3350(4)  30(2)  1 
C54  �840(5)  8119(6)  3606(4)  29(2)  1 
C55  �766(5)  8057(6)  4474(4)  28(2)  1 
C56  119(5)  7638(5)  4807(4)  22(2)  1 
C57  155(5)  7443(5)  5695(4)  24(2)  1 
C58  961(5)  6833(6)  6019(4)  24(2)  1 
C59  1270(5)  6113(6)  5587(5)  31(2)  1 
C60  1939(5)  5495(6)  5896(5)  28(2)  1 
C61  2290(5)  5616(6)  6648(5)  32(2)  1 
C62  1973(5)  6304(7)  7080(4)  34(2)  1 
C63  1306(5)  6910(6)  6767(5)  32(2)  1 
C64  132(5)  8425(6)  6069(4)  26(2)  1 
C65  915(6)  8930(7)  6270(5)  33(2)  1 
C66  894(7)  9827(7)  6551(5)  39(2)  1 
C67  117(8)  10266(7)  6625(5)  47(3)  1 
C68  �714(7)  9791(7)  6434(5)  41(2)  1 
C69  �664(6)  8896(6)  6132(4)  29(2)  1 
C70  �635(5)  6837(6)  5888(4)  25(2)  1 
C71  �970(5)  6900(6)  6582(5)  30(2)  1 
C72  �1648(5)  6311(7)  6767(4)  31(2)  1 
C73  �2016(5)  5634(6)  6265(4)  28(2)  1 
C74  �1676(5)  5558(5)  5577(4)  24(2)  1 
C75  �991(5)  6142(5)  5372(4)  24(2)  1 
O4  �3255(3)  3991(4)  5442(3)  32(1)  1 
C76  �4107(5)  3647(5)  5600(4)  25(2)  1 
C77  �4079(6)  3524(6)  6465(4)  33(2)  1 
C78  �4908(6)  3053(7)  6683(5)  36(2)  1  
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C79  �5738(6)  3625(6)  6385(5)  33(2)  1 
C80  �5740(6)  3764(6)  5524(4)  27(2)  1 
C81  �4915(5)  4255(6)  5294(4)  24(2)  1 
C82  �4981(5)  4473(5)  4426(4)  23(2)  1 
C83  �4221(5)  5118(5)  4189(4)  23(2)  1 
C84  �3898(5)  5049(6)  3479(4)  28(2)  1 
C85  �3289(5)  5695(7)  3288(4)  30(2)  1 
C86  �2951(6)  6399(6)  3751(5)  33(2)  1 
C87  �3275(5)  6467(6)  4464(5)  29(2)  1 
C88  �3910(5)  5854(6)  4684(5)  28(2)  1 
C89  �5038(5)  3514(5)  4008(4)  24(2)  1 
C90  �4250(6)  3010(6)  3896(4)  30(2)  1 
C91  �4277(7)  2125(7)  3584(5)  37(2)  1 
C92  �5110(7)  1704(6)  3366(4)  39(2)  1 
C93  �5877(6)  2180(6)  3490(5)  34(2)  1 
C94  �5850(6)  3070(6)  3799(4)  30(2)  1 
C95  �5807(5)  5097(5)  4168(4)  22(2)  1 
C96  �6114(5)  5163(6)  3392(4)  26(2)  1 
C97  �6792(5)  5785(6)  3136(5)  29(2)  1 
C98  �7193(5)  6336(6)  3654(5)  34(2)  1 
C99  �6903(5)  6300(6)  4406(5)  31(2)  1 
C100  �6206(5)  5684(6)  4673(5)  32(2)  1 
 
Table 3. Bond lengths [Å] and angles [°]. 
 
O1�C1  1.423(9) 
C1�C2  1.511(10) 
C1�C6  1.548(10) 
C2�C3  1.503(12) 
C3�C4  1.523(12) 
C4�C5  1.522(10) 
C5�C6  1.518(10) 
C6�C7  1.591(9) 
C7�C8  1.548(10) 
C7�C14  1.550(10) 
C7�C20  1.552(10) 
C8�C13  1.383(10) 
C8�C9  1.407(11) 
C9�C10  1.378(12) 
C10�C11  1.387(12) 
C11�C12  1.393(12) 
C12�C13  1.376(11) 
C14�C15  1.378(11) 
C14�C19  1.396(11) 
C15�C16  1.404(12) 
 
C16�C17  1.397(14) 
C17�C18  1.367(13) 
C18�C19  1.413(12) 
C20�C25  1.373(10) 
C20�C21  1.398(10) 
C21�C22  1.390(11) 
C22�C23  1.391(12) 
C23�C24  1.366(11) 
C24�C25  1.385(11) 
O2�C30  1.429(9) 
C26�C27  1.523(9) 
C26�C31  1.540(9) 
C27�C28  1.487(12) 
C28�C29  1.532(12) 
C29�C30  1.509(10) 
C30�C31  1.542(10) 
C31�C32  1.582(9) 
C32�C45  1.530(10) 
C32�C39  1.542(10) 
C32�C33  1.542(9) 
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C33�C38  1.410(10) 
C33�C34  1.420(10) 
C34�C35  1.359(11) 
C35�C36  1.415(13) 
C36�C37  1.375(13) 
C37�C38  1.353(11) 
C39�C40  1.402(12) 
C39�C44  1.409(11) 
C40�C41  1.413(13) 
C41�C42  1.397(16) 
C42�C43  1.325(16) 
C43�C44  1.411(14) 
C45�C50  1.395(10) 
C45�C46  1.413(10) 
C46�C47  1.399(12) 
C47�C48  1.381(13) 
C48�C49  1.395(12) 
C49�C50  1.364(11) 
O3�C51  1.417(9) 
C51�C56  1.530(10) 
C51�C52  1.545(10) 
C52�C53  1.546(11) 
C53�C54  1.521(11) 
C54�C55  1.540(11) 
C55�C56  1.521(10) 
C56�C57  1.598(10) 
C57�C70  1.536(10) 
C57�C58  1.552(10) 
C57�C64  1.551(11) 
C58�C63  1.381(11) 
C58�C59  1.389(11) 
C59�C60  1.404(11) 
C60�C61  1.396(12) 
C61�C62  1.361(13) 
C62�C63  1.395(12) 
C64�C69  1.386(12) 
C64�C65  1.393(11) 
C65�C66  1.372(13) 
C66�C67  1.343(15) 
C67�C68  1.430(14) 
C68�C69  1.388(12) 
C70�C71  1.382(11) 
C70�C75  1.417(11) 
C71�C72  1.385(11) 
C72�C73  1.390(11) 
C73�C74  1.378(11) 
C74�C75  1.400(10) 
O4�C76  1.426(9) 
C76�C77  1.543(10) 
C76�C81  1.544(10) 
C77�C78  1.500(12) 
C78�C79  1.537(13) 
C79�C80  1.544(10) 
C80�C81  1.516(11) 
C81�C82  1.567(10) 
C82�C89  1.552(11) 
C82�C95  1.556(10) 
C82�C83  1.557(10) 
C83�C84  1.403(11) 
C83�C88  1.416(11) 
C84�C85  1.364(12) 
C85�C86  1.361(12) 
C86�C87  1.407(11) 
C87�C88  1.379(11) 
C89�C94  1.392(11) 
C89�C90  1.416(11) 
C90�C91  1.376(13) 
C91�C92  1.405(14) 
C92�C93  1.374(13) 
C93�C94  1.379(12) 
C95�C100  1.405(11) 
C95�C96  1.412(10) 
C96�C97  1.392(11) 
C97�C98  1.392(12) 
C98�C99  1.365(12) 
C99�C100  1.410(11) 
 
O1�C1�C2  110.6(6) 
O1�C1�C6  110.4(6) 
C2�C1�C6  109.5(7) 
C3�C2�C1  112.8(6) 
C2�C3�C4  109.6(7) 
C5�C4�C3  111.0(7) 
C6�C5�C4  112.5(6) 
C5�C6�C1  107.6(6) 
C5�C6�C7  112.2(5) 
C5�C6�C1  107.6(6) 
C5�C6�C7  112.2(5) 
C1�C6�C7  114.3(6) 
C8�C7�C14  112.5(6) 
C8�C7�C20  101.4(6) 
C14�C7�C20  112.1(6) 
C8�C7�C6  113.8(5) 
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C14�C7�C6  106.8(6) 
C20�C7�C6  110.3(6) 
C13�C8�C9  117.2(7) 
C13�C8�C7  122.7(7) 
C9�C8�C7  119.2(7) 
C10�C9�C8  121.1(8) 
C9�C10�C11  120.9(8) 
C10�C11�C12  118.3(8) 
C13�C12�C11  120.6(8) 
C12�C13�C8  121.9(7) 
C15�C14�C19  117.9(8) 
C15�C14�C7  121.3(7) 
C19�C14�C7  120.5(7) 
C14�C15�C16  122.6(9) 
C17�C16�C15  118.4(9) 
C18�C17�C16  120.3(9) 
C17�C18�C19  120.5(8) 
C14�C19�C18  120.3(8) 
C25�C20�C21  115.2(7) 
C25�C20�C7  123.1(6) 
C21�C20�C7  120.9(6) 
C22�C21�C20  123.0(7) 
C21�C22�C23  118.0(7) 
C24�C23�C22  121.2(7) 
C23�C24�C25  118.2(7) 
C20�C25�C24  124.3(7) 
C27�C26�C31  112.4(6) 
C28�C27�C26  112.1(6) 
C27�C28�C29  110.7(7) 
C30�C29�C28  112.0(6) 
O2�C30�C29  107.7(6) 
O2�C30�C31  114.7(6) 
C29�C30�C31  110.9(6) 
C26�C31�C30  106.1(6) 
C26�C31�C32  112.6(6) 
C30�C31�C32  115.7(6) 
C45�C32�C39  114.0(6) 
C45�C32�C33  102.1(5) 
C39�C32�C33  111.9(6) 
C45�C32�C31  112.0(6) 
C39�C32�C31  105.9(6) 
C33�C32�C31  111.1(6) 
C38�C33�C34  115.5(7) 
C38�C33�C32  123.3(6) 
C34�C33�C32  120.7(6) 
C35�C34�C33                         121.4(8) 
C34�C35�C36  121.1(8) 
C37�C36�C35  117.7(8) 
C38�C37�C36  121.4(8) 
C37�C38�C33  122.8(8) 
C40�C39�C44  118.2(8) 
C40�C39�C32  121.3(7) 
C44�C39�C32  120.2(7) 
C39�C40�C41  121.0(9) 
C42�C41�C40  119.1(10) 
C43�C42�C41  119.9(10) 
C42�C43�C44  123.3(10) 
C39�C44�C43  118.5(9) 
C50�C45�C46  115.3(7) 
C50�C45�C32  123.6(6) 
C46�C45�C32  120.7(7) 
C47�C46�C45  121.8(8) 
C48�C47�C46  119.9(8) 
C47�C48�C49  119.5(8) 
C50�C49�C48  119.5(8) 
C49�C50�C45  124.0(7) 
O3�C51�C56  111.2(6) 
O3�C51�C52  109.6(6) 
C56�C51�C52  110.1(6) 
C51�C52�C53  111.0(6) 
C54�C53�C52  110.7(7) 
C53�C54�C55  110.6(7) 
C56�C55�C54  112.5(6) 
C55�C56�C51  108.0(6) 
C55�C56�C57  113.1(6) 
C51�C56�C57  114.7(6) 
C70�C57�C58  101.2(6) 
C70�C57�C64  111.0(6) 
C58�C57�C64  113.3(6) 
C70�C57�C56  111.7(6) 
C58�C57�C56  114.2(6) 
C64�C57�C56  105.5(6) 
C63�C58�C59  118.5(7) 
C63�C58�C57  121.0(7) 
C59�C58�C57  120.0(7) 
C58�C59�C60  120.8(8) 
C61�C60�C59  118.9(8) 
C62�C61�C60  120.6(8) 
C61�C62�C63  120.0(8) 
C58�C63�C62  121.2(8) 
C69�C64�C65  116.3(8) 
C69�C64�C57  121.9(7) 
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C13  15(3)   16(3)  26(4)   �2(3)  2(3)   �5(3) 
C14  33(4)   23(4)  13(3)   �5(3)  5(3)   0(3) 
C15  45(5)   21(4)  19(4)   7(3)  4(3)   �8(4) 
C16  53(5)   28(4)  25(4)   1(3)  2(4)   �17(4) 
C17  72(7)   20(4)  38(5)   1(4)  10(5)   �4(4) 
C18  53(5)   23(4)  23(4)   3(3)  16(4)   16(4) 
C19  32(4)   26(4)  26(4)   2(3)  5(3)   6(3) 
C20  15(3)   18(3)  25(4)   1(3)  6(3)   2(3) 
C21  24(3)   24(4)  21(3)   1(3)  0(3)   �6(3) 
C22  33(4)   34(5)  32(4)   6(4)  8(3)   �8(4) 
C23  20(4)   25(4)  38(4)   9(3)  1(3)   �4(3) 
C24  33(4)   17(4)  36(4)   �4(3)  �1(3)   8(3) 
C25  23(3)   18(3)  22(4)   0(3)  �2(3)   6(3) 
O2  27(3)   27(3)  40(3)   �4(2)  6(2)   �1(2) 
C26  15(3)   23(4)  25(4)   7(3)  6(3)   1(3) 
C27  39(4)   21(4)  14(3)   �9(3)  8(3)   8(3) 
C28  57(6)   24(4)  24(4)   �3(3)  7(4)   �1(4) 
C29  37(4)   27(4)  25(4)   3(3)  �10(3)   3(3) 
C30  23(4)   30(4)  23(3)   �3(3)  �3(3)   4(3) 
C31  26(3)   21(4)  15(3)   �1(3)  6(3)   4(3) 
C32  20(3)   17(3)  15(3)   �1(3)  �2(3)   �7(3) 
C33  17(3)   22(4)  15(3)   �3(3)  2(2)   7(3) 
C34  28(4)   31(4)  24(4)   �1(3)  2(3)   2(3) 
C35  35(4)   38(5)  35(4)   �12(4)  �12(3)   �6(4) 
C36  22(4)   26(4)  54(5)   �14(4)  7(4)   �3(3) 
C37  35(4)   21(4)  51(5)   �3(4)  18(4)   �7(3) 
C38  28(4)   25(4)  26(4)   �2(3)  12(3)   �4(3) 
C39  33(4)   21(4)  14(3)   �1(3)  �1(3)   �7(3) 
C40  55(5)   22(4)  22(4)   �2(3)  0(4)   �1(4) 
C41  95(9)   29(5)  25(4)   1(4)  2(5)   19(6) 
C42  93(9)   29(5)  31(5)   6(4)  5(5)   0(6) 
C43  81(8)   43(6)  26(5)   1(4)  8(5)   �28(6) 
C44  45(5)   30(5)  26(4)   2(3)  6(3)   �8(4) 
C45  16(3)   17(3)  22(3)   �6(3)  3(3)   �7(3) 
C46  30(4)   43(5)  14(3)   �2(3)  1(3)   4(4) 
C47  26(4)   52(6)  34(4)   �13(4)  2(3)   2(4) 
C48  18(4)   45(5)  34(4)   �21(4)  �2(3)   4(4) 
C49  27(4)   18(4)  45(5)   �5(3)  �7(3)   2(3) 
C50  21(3)   20(3)  23(3)   �3(3)  4(3)   �1(3) 
O3  29(3)   30(3)  36(3)   5(2)  6(2)   �3(2) 
C51  30(4)   14(3)  22(3)   �3(3)  1(3)   0(3) 
C52  26(4)   38(5)  31(4)   �9(4)  10(3)   0(4) 
C53  29(4)   40(5)  22(4)   0(3)  3(3)   �3(4) 
C54  26(4)   37(5)  24(4)   �4(3)  7(3)   3(3) 
C55  28(4)   25(4)  30(4)   4(3)  2(3)   2(3) 
C56  20(3)   22(4)  23(4)   �2(3)  �6(3)   7(3)  
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C57  25(4)   22(4)  27(4)   �4(3)  8(3)   �3(3) 
C58  25(4)   22(4)  25(4)   5(3)  �2(3)   4(3) 
C59  31(4)   26(4)  36(4)   �1(3)  0(3)   �1(3) 
C60  25(4)   26(4)  34(4)   10(3)  7(3)   2(3) 
C61  19(3)   39(5)  39(4)   12(4)  2(3)   6(3) 
C62  30(4)   51(5)  21(4)   11(4)  �1(3)   �4(4) 
C63  34(4)   32(4)  29(4)   2(4)  4(3)   3(4) 
C64  36(4)   21(4)  21(4)   0(3)  5(3)   �8(3) 
C65  35(4)   39(5)  25(4)   �4(4)  4(3)   �9(4) 
C66  59(6)   29(5)  29(4)   �3(4)  8(4)   �5(5) 
C67  94(8)   23(4)  21(4)   1(3)  �4(5)   �8(5) 
C68  61(6)   25(5)  35(5)   �1(4)  �1(4)   13(5) 
C69  41(4)   24(4)  22(4)   �4(3)  6(3)   4(4) 
C70  25(4)   24(4)  25(4)   �3(3)  �4(3)   �1(3) 
C71  22(4)   28(4)  38(4)   �3(4)  �3(3)   1(3) 
C72  28(4)   46(5)  20(4)   2(3)  9(3)   �2(4) 
C73  27(4)   25(4)  31(4)   �1(3)  �1(3)   �4(3) 
C74  26(4)   20(4)  24(4)   �1(3)  �2(3)   3(3) 
C75  23(4)   19(4)  29(4)   4(3)  4(3)   1(3) 
O4  31(3)   31(3)  32(3)   �1(2)  �4(2)   1(2) 
C76  33(4)   20(4)  21(3)   �2(3)  �1(3)   4(3) 
C77  46(5)   34(4)  17(4)   1(3)  4(3)   13(4) 
C78  54(5)   34(5)  21(4)   4(4)  5(4)   �6(4) 
C79  41(5)   27(4)  32(4)   �4(3)  8(4)   �4(4) 
C80  39(4)   26(4)  15(3)   �2(3)  5(3)   2(3) 
C81  28(4)   22(4)  22(4)   2(3)  �7(3)   �2(3) 
C82  20(3)   23(4)  26(4)   1(3)  5(3)   �1(3) 
C83  26(4)   22(4)  21(4)   7(3)  1(3)   �1(3) 
C84  33(4)   24(4)  28(4)   �2(3)  3(3)   3(3) 
C85  27(4)   45(5)  20(4)   9(3)  6(3)   4(4) 
C86  32(4)   27(4)  40(5)   7(4)  8(4)   �2(4) 
C87  18(3)   35(5)  33(4)   2(4)  �5(3)   1(3) 
C88  29(4)   24(4)  31(4)   1(3)  1(3)   2(3) 
C89  36(4)   13(3)  24(4)   2(3)  1(3)   1(3) 
C90  42(5)   33(4)  15(3)   3(3)  2(3)   5(4) 
C91  50(5)   33(5)  28(4)   5(4)  3(4)   13(4) 
C92  79(7)   23(4)  13(4)   �1(3)  �1(4)   7(4) 
C93  48(5)   28(4)  24(4)   3(3)  �3(4)   �13(4) 
C94  37(4)   29(4)  24(4)   �8(3)  5(3)   �4(4) 
C95  25(4)   13(3)  27(4)   �4(3)  5(3)   �3(3) 
C96  26(4)   30(4)  22(4)   1(3)  5(3)   5(3) 
C97  22(4)   34(4)  32(4)   7(3)  2(3)   �2(3) 
C98  27(4)   29(4)  46(5)   8(4)  10(3)   4(3) 
C99  27(4)   26(4)  41(5)   �6(3)  11(3)   1(3) 
C100  32(4)   32(4)  31(4)   0(3)  4(3)   8(4) 
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Table 5. Hydrogen coordinates [� 104] and isotropic displacement parameters [Å2 � 103]. 
 
Atom   x  y  z  Ueq  S.o.f. 
 
H1  12027  11385  �342  48  1 
H1A  10713  11971  �321  31  1 
H2A  11153  11844  �1557  36  1 
H2B  10735  10811  �1634  36  1 
H3A  9733  11870  �2260  39  1 
H3B  9731  12495  �1509  39  1 
H4A  8448  11546  �1601  38  1 
H4B  9034  10621  �1693  38  1 
H5A  9082  11734  �346  29  1 
H5B  8654  10707  �444  29  1 
H6  10084  10071  �573  25  1 
H9  10968  10249  1965  35  1 
H10  12057  9199  2445  45  1 
H11  12640  8088  1655  40  1 
H12  12151  8109  357  35  1 
H13  11051  9147  �117  23  1 
H15  11477  11589  1102  34  1 
H16  11532  13090  1651  42  1 
H17  10182  13841  1861  52  1 
H18  8827  13128  1483  39  1 
H19  8784  11614  943  33  1 
H21  9274  10337  1843  28  1 
H22  8151  9347  2197  39  1 
H23  7559  8199  1339  34  1 
H24  8071  8061  157  35  1 
H25  9158  9091  �177  25  1 
H2  3375  12549  �102  47  1 
H26A  6344  12226  �237  25  1 
H26B  5870  11223  �198  25  1 
H27A  5794  12392  �1515  30  1 
H27B  6342  11430  �1407  30  1 
H28A  5045  10566  �1460  42  1 
H28B  4970  11250  �2179  42  1 
H29A  4048  12291  �1592  37  1 
H29B  3620  11263  �1565  37  1 
H30  4265  11075  �311  31  1 
H31  4909  12955  �459  24  1 
H34  5991  12679  2058  33  1 
H35  7181  13611  2482  45  1 
H36  7764  14727  1671  41  1 
H37  7127  14819  421  42  1 
H38  5982  13859  �20  31  1 
H40  6401  11372  1173  40  1  
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H41  6405  9825  1653  60  1 
H42  5038  9099  1841  61  1 
H43  3737  9852  1514  60  1 
H44  3680  11409  1075  40  1 
H46  4196  12654  1959  35  1 
H47  3112  13689  2322  45  1 
H48  2467  14797  1462  39  1 
H49  3054  14995  295  37  1 
H50  4122  13980  �50  26  1 
H3  2124  8265  4731  47  1 
H51  788  8911  4769  27  1 
H52A  931  7665  3504  37  1 
H52B  1327  8711  3560  37  1 
H53A  �132  9355  3502  37  1 
H53B  �93  8669  2792  37  1 
H54A  �829  7479  3389  34  1 
H54B  �1415  8417  3417  34  1 
H55A  �830  8694  4685  33  1 
H55B  �1262  7666  4626  33  1 
H56  180  7015  4557  26  1 
H59  1026  6038  5076  37  1 
H60  2148  5004  5599  34  1 
H61  2755  5214  6859  39  1 
H62  2207  6371  7594  41  1 
H63  1084  7385  7074  38  1 
H65  1476  8647  6212  40  1 
H66  1442  10144  6696  47  1 
H67  120  10894  6805  56  1 
H68  �1270  10074  6509  49  1 
H69  �1207  8587  5959  34  1 
H71  �731  7355  6938  35  1 
H72  �1866  6372  7248  37  1 
H73  �2486  5237  6392  34  1 
H74  �1914  5093  5230  29  1 
H75  �769  6074  4893  28  1 
H4  �3325  4464  5160  48  1 
H76  �4188  3010  5366  30  1 
H77A  �3550  3143  6649  39  1 
H77B  �4016  4147  6711  39  1 
H78A  �4877  3002  7240  44  1 
H78B  �4952  2411  6469  44  1 
H79A  �5728  4244  6640  40  1 
H79B  �6287  3289  6494  40  1 
H80A  �5792  3142  5275  32  1 
H80B  �6274  4135  5336  32  1 
H81  �4862  4870  5567  29  1 
H84  �4099  4563  3137  34  1  
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H85  �3087  5650  2801  36  1 
H86  �2517  6824  3600  39  1 
H87  �3050  6948  4803  35  1 
H88  �4136  5925  5160  34  1 
H90  �3685  3292  4040  36  1 
H91  �3738  1801  3516  44  1 
H92  �5142  1101  3137  47  1 
H93  �6440  1889  3360  41  1 
H94  �6394  3383  3869  36  1 
H96  �5853  4776  3039  31  1 
H97  �6981  5834  2611  35  1 
H98  �7674  6741  3481  40  1 
H99  �7171  6693  4751  37  1 
H100  �6005  5666  5197  38  1 
 
 
 
 
 
 
Table 6. Hydrogen bonds [Å and °]. 
 
 D�H···A  d(D�H)  d(H···A)  d(D···A)  �(DHA) 
 
 O1�H1...O2
i  0.84  2.15  2.953(7)  160.3 
 O3�H3...O4
ii  0.84  2.04  2.866(7)  168.3  
Symmetry transformations used to generate equivalent atoms:  
(i) x+1,y,z    (ii) �x,y+1/2,�z+1   
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Table 3. Bond lengths [Å] and angles [°]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C14  490(4)  2683(3)  2708(2)  21(1)  1 
C15  2071(5)  2895(3)  2824(2)  25(1)  1 
C16  2955(4)  2062(3)  2798(2)  22(1)  1 
C17  2681(4)  1591(3)  2127(2)  24(1)  1 
C18  1086(4)  1423(2)  1999(2)  17(1)  1 
C19  �1464(4)  2184(2)  1857(2)  19(1)  1 
C20  �1828(4)  1802(2)  1146(2)  20(1)  1 
C21  �3009(5)  1266(3)  1042(2)  29(1)  1 
C22  �3414(5)  1014(3)  384(2)  37(1)  1 
C23  �2650(5)  1304(3)  �178(2)  38(1)  1 
C24  �1479(5)  1836(3)  �84(2)  31(1)  1 
C25  �1071(5)  2090(3)  571(2)  24(1)  1 
C26  992(4)  137(2)  1310(2)  19(1)  1 
C27  1368(4)  �228(2)  590(2)  17(1)  1 
C28  248(4)  �941(3)  439(2)  24(1)  1 
C29  2201(5)  1051(3)  �19(2)  27(1)  1 
C30  2868(4)  �635(3)  591(2)  20(1)  1 
C31  3669(5)  �761(3)  1184(2)  29(1)  1 
C32  5009(5)  �1141(3)  1151(3)  38(1)  1 
C33  5559(5)  �1415(3)  536(3)  45(1)  1 
C34  4784(5)  �1298(3)  �55(3)  39(1)  1 
C35  3446(5)  �904(3)  �32(2)  32(1)  1 
F1�C28  1.335(5) 
F2�C28  1.335(5) 
F3�C28  1.339(4) 
O1�C26  1.334(4) 
O1�C18  1.474(4) 
O2�C26  1.198(5) 
O3�C27  1.401(4) 
O3�C29  1.438(5) 
C1�C6  1.394(5) 
C1�C2  1.410(5) 
C1�C19  1.546(5) 
C2�C3  1.386(6) 
C3�C4  1.386(6) 
C4�C5  1.382(6) 
C5�C6  1.383(6) 
C7�C12  1.388(6) 
C7�C8  1.399(6) 
C7�C19  1.555(5) 
C8�C9  1.382(6) 
C9�C10  1.382(6) 
C10�C11  1.395(6) 
C11�C12                          1.387(6) 
C13�C14  1.551(5) 
C13�C19  1.591(5) 
C14�C15  1.527(6) 
C15�C16  1.525(6) 
C16�C17  1.520(5) 
C17�C18  1.530(5) 
C19�C20  1.547(5) 
C20�C21  1.392(6) 
C20�C25  1.399(6) 
C21�C22  1.393(6) 
C22�C23  1.383(7) 
C23�C24  1.378(7) 
C24�C25  1.393(6) 
C26�C27  1.554(5) 
C27�C30  1.531(5) 
C27�C28  1.544(5) 
C30�C31  1.393(6) 
C30�C35  1.394(6) 
C31�C32  1.382(6) 
C32�C33  1.373(7) 
C33�C34                          1.374(7) 
C34�C35  1.388(6)  
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O2  53(2)   19(1)  22(2)   4(1)  10(2)   1(2) 
O3  24(1)   22(1)  19(1)   4(1)  �1(1)   �1(1) 
C1  16(2)   19(2)  22(2)   �3(2)  �2(2)   0(2) 
C2  14(2)   19(2)  32(2)   �5(2)  2(2)   �3(2) 
C3  18(2)   22(2)  43(3)   8(2)  3(2)   �6(2) 
C4  22(2)   27(2)  31(2)   9(2)  4(2)   �3(2) 
C5  24(2)   30(2)  24(2)   �6(2)  5(2)   2(2) 
C6  22(2)   20(2)  26(2)   0(2)  0(2)   1(2) 
C7  21(2)   19(2)  13(2)   �3(2)  �3(2)   3(2) 
C8  26(2)   26(2)  23(2)   1(2)  0(2)   2(2) 
C9  23(2)   32(2)  29(2)   �1(2)  �2(2)   8(2) 
C10  33(2)   26(2)  19(2)   �3(2)  �6(2)   14(2) 
C11  36(2)   19(2)  23(2)   1(2)  �7(2)   �1(2) 
C12  26(2)   22(2)  22(2)   �2(2)  �4(2)   0(2) 
C13  18(2)   14(2)  22(2)   �2(2)  0(2)   �2(2) 
C14  21(2)   19(2)  22(2)   �1(2)  �3(2)   1(2) 
C15  22(2)   26(2)  26(2)   �1(2)  �6(2)   �3(2) 
C16  14(2)   23(2)  29(2)   1(2)  �4(2)   1(2) 
C17  20(2)   24(2)  28(2)   �3(2)  1(2)   �2(2) 
C18  19(2)   16(2)  16(2)   �1(2)  �1(2)   1(2) 
C19  19(2)   18(2)  19(2)   �2(2)  �3(2)   0(2) 
C20  21(2)   18(2)  20(2)   �2(2)  �7(2)   3(2) 
C21  24(2)   31(2)  31(2)   �3(2)  �7(2)   0(2) 
C22  35(3)   32(2)  42(3)   �11(2)  �17(2)   5(2) 
C23  42(3)   41(3)  30(2)   �14(2)  �21(2)   22(2) 
C24  34(2)   36(3)  24(2)   �5(2)  �2(2)   18(2) 
C25  28(2)   24(2)  22(2)   �2(2)  �5(2)   7(2) 
C26  16(2)   19(2)  22(2)   �1(2)  �1(2)   0(2) 
C27  19(2)   15(2)  18(2)   �1(2)  0(2)   1(2) 
C28  20(2)   28(2)  23(2)   �4(2)  2(2)   0(2) 
C29  35(2)   21(2)  26(2)   1(2)  5(2)   �4(2) 
C30  18(2)   18(2)  24(2)   5(2)  2(2)   0(2) 
C31  28(2)   24(2)  35(2)   3(2)  �6(2)   �1(2) 
C32  28(2)   30(2)  56(3)   3(2)  �11(2)   3(2) 
C33  19(2)   36(3)  81(4)   6(3)  3(3)   8(2) 
C34  32(3)   33(3)  52(3)   �3(2)  18(2)   8(2) 
C35  33(2)   32(2)  30(2)   �3(2)  2(2)   4(2) 
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Table 5. Hydrogen coordinates [� 104] and isotropic displacement parameters [Å2 � 
103]. 
 
Atom   x  y  z  Ueq  S.o.f. 
 
H2  �1613  446  2105  26  1 
H3  �2267  �308  3087  33  1 
H4  �3144  420  4048  32  1 
H5  �3403  1930  4007  31  1 
H6  �2715  2697  3042  27  1 
H8  �4206  2645  1868  30  1 
H9  �5369  3968  1763  33  1 
H10  �4053  5250  1649  31  1 
H11  �1532  5183  1629  31  1 
H12  �379  3851  1729  28  1 
H13  628  2653  1644  22  1 
H14A  �79  3224  2745  25  1 
H14B  159  2282  3072  25  1 
H15A  2409  3302  2467  30  1 
H15B  2194  3178  3275  30  1 
H16A  3987  2204  2838  26  1 
H16B  2690  1682  3187  26  1 
H17A  3198  1030  2132  29  1 
H17B  3071  1943  1746  29  1 
H18  705  1017  2355  20  1 
H21  �3548  1068  1424  34  1 
H22  �4216  642  322  44  1 
H23  �2933  1137  �626  45  1 
H24  �946  2030  �470  38  1 
H25  �269  2464  629  29  1 
H29A  2315  1361  415  41  1 
H29B  1879  1457  �373  41  1 
H29C  3122  796  �154  41  1 
H31  3292  �584  1614  35  1 
H32  5555  �1214  1557  46  1 
H33  6475  �1685  519  55  1 
H34  5165  �1488  �480  47  1 
H35  2921  �818  �443  38  1 
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Thermal ellipsoids drawn at the 35% probability level, only hydrogen atoms at chiral 
centres shown for clarity. 
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